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[57] ABSTRACT

A wideband ink jet drop generator for breaking up one
or more capillary ink streams emanating from the gen-
erator, into a regular succession of drops. The drops are
of uniform size and uniformly spaced. The generator
includes an orifice support plate with a cavity on one
surface. A nozzle wafer with one or more orifice is
mounted on the opposite surface of the plate. The ori-
fices are in fluidic communication with the cavity. A
pair of elongated crystals are disposed on the cavity
surface of the support plate. The crystals are configured
in spaced relation with the orifices of the nozzle wafer
positioned between the crystals along a line whereat
pressure waves emanating from the crystal are rein-
forced.

19 Claims, 5 Drawing Figures
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1
WIDEBAND INK DROP GENERATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

Patent Application Ser. No. 780,572, filed Mar. 23,
1977, entitled “Apparatus for Exciting an Array of Ink
Jet Nozzles and Method of Forming™ and assigned to
the assignee of the present invention describes a drop
generator wherein a piezoelectric transducer forms a
wall of an ink cavity, which has a linear array of ink jet
nozzles communicating therewith. The piezoelectric
transducer 1s preferably an arcuate sector of a cylinder
having an angle no greater than 180° with its mean
radius, wall thickness, and its arcuate angle selected so
that the arcuate sector vibrates only in a selected sym-
metrical mode at a selected resonant frequency when a
voltage is applied at that frequency. The length of the
transducer 1s chosen to be longer than the length of the
linear array of nozzles so that the periodic pressure
waves produced in the ink cavity by the transducer
vibrating at the selected resonant frequency will have
substantially the same amplitude at the entrance of each
of the nozzles to form droplets of substantially uniform
size and at substantially the same break-off point. The
applied voltage selected is that which is necessary to
produce uniformly satellite-free droplets from the array
~of ink streams. -

Patent Application Ser. No. 958,916, filed Nov. 8,
1978, entitled “Ink Jet Head” and assigned to the as-
signee of the present invention describes a drop genera-
tor having an inner cylindrical tube spaced from an
inner cylindrical surface of an outer means to have an
ink cavity therebetween from which ink is supplied
through one or more ink jet nozzles.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to drop generators used
to generate uniform droplets used for printing on a
recording surface.

2. Prior Art

In an ink jet printing system, a pressurized volume of

print fluid such as ink is supplied into the ink receiving
cavity of a drop generator. The ink is extruded as one or
more capillary streams through one or more orifices
coupled to the ink receiving cavity. A crystal which is
~disposed relative to the ink cavity is excited and creates
a perturbation so that the streams are broken up into a
plurality of droplets. The droplets are then controlled
for writing on a recording surface.

It 1s desirable that the droplets produced from the
streams passing through each of the nozzles have sub-
stantially the same break-off point, be substantially uni-
form 1n size, have substantially uniform spacing be-
tween the droplets, and be satellite-free. This ensures
that the quality of the print from each of the nozzles will
be substantially the same.

To obtain this uniformity between the drolets of the
various streams, it is necessary that the perturbations
applied to each of the ink streams of the nozzles be
substantially uniform and that the nozzles be of uniform
quality. Furthermore, for the production of the droplets
to be satellite-free, it is necessary that the perturbations
be sufficiently large. It also is necessary for the pertur-
bations to not only be substantially uniform but to be
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reproducible throughout the time that the droplets are
being produced.

To meet these basic requirements, 1t 1s necessary that
the transducer or driver, which produces the vibrations
for causing the perturbations in the ink streams, be capa-
ble of operation so that the amplitude of each of the
pressure waves produced in the ink cavity by the driver
1s substantially the same at the entrance to each of the
ink jet nozzles. This will produce uniform perturbations
in the ink jet streams flowing through the nozzles. It
also 1s necessary for the amplitude of the pressure waves
to be sufficiently high to produce satellite-free droplets.

The prior art abounds with drop generators whose
designs and/or configurations strive to achieve the
aforementioned qualities. U.S. Pat. No. 4,153,901 de-
scribes a multinozzle drop generator wherein a hemicy-
Iindrical or half cylinder crystal is used to create the
disturbance. The drop generator consists of a carrier
base or back plate in which an ink cavity and ink supply
lines are fitted. The cavity is filled with a layer of reso-
nance attenuating compound such as epoxy and Teflon.
The teflon/epoxy layer is needed to attenuate unwanted
resonances and reflections which affect the efficiency of
the drop generator with frequency changes. The hemi-
cylindrical crystal is mounted in the cavity with its
concave surface facing upwardly. A gasket is fitted
over the crystal and seals the cavity forming an ink
chamber. A nozzle plate having a plurality of nozzles is
then fitted over the gasket. A front plate with an elon-
gated slot 1s fitted over the nozzle plate. The slot is
aligned with the orifices. The components are held in
position against the back plate by support screws.

The major problem with the hemicylindrical drop
generator 1s that the drop generator is nonextendable.
The term nonextendable means that neither the length
of the nozzle array (that is the number of nozzles needed
for printing) nor the drop frequency (that is the fre-
quency used to drive the crystal) can be changed with-
out undue degradation in the performance of the drop
generator. Degradation includes nonuniform break-off
of droplets, satellite problems, etc. By using the layer of
resonance attenuating compound, the prior art tends to
improve the probability for limited frequency change.
However, the range of the frequency change is very
limited. Moreover, the prior art does not address the
problem of increasing the number of orifices in the
nozzle plate.

The use of a resonating attenuating compound in the
prior art drop generators tends to increase the overall
cost of the drop generator. The cost increase stems from
increase in assembly time and the cost of the layer.

As 1s well known to those having ordinary skill in the
art, 1n order to reproduce copies with acceptable print
quality, any change in the speed of the transport used to
transport paper past the drop generator requires a
change in the drop frequency. Also, changes in the print
resolution requires changes in the drop frequency. Itis
therefore obvious that the prior art which has the capa-
bility to operate at a single frequency or at most, within
a range of limited frequency change, is not suitable for
use in several types of ink jet printers. In other words,
the prior art drop generators tend to impose undue
limitations on the overall design and operation of the
entire ink jet printer.

Another type of prior art drop generator for use in an
ink jet printer is described in U.S. Pat. No. 3,958,249,
Pressurized print fluid such as ink is supplied to a tube
having a nozzle plate with an orifice communicating
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with the interior of the tube. A cylindrical radially
contracting and expanding transducer surrounds the
tube and the nozzle plate. When a signal is applied to the
- transducer, the perturbations change the cross-sectional
area of the tube and/or orifice, and as a result, the
stream emitted from the orifice is broken up into drop-
lets. |

The main problem with this type of drop generator is
that the tube and/or nozzle plate must be deformed. As
such, a relatively large amount of power 1s required.
Also, it would appear as if the invention has limited use
with a single nozzle head. Invariably with a multinozzle
head, it would be impractical to encase the head with a
- cylindrical transducer. Moreover, the power require-
ment for such a configuration would be prohibitively
high.

Yet another type of prior art drop generator is de-
scribed in U.S. Patent 3,334,351. In the patent, two
separate transducers arranged at different angles, input
dual motion to a single nozzle. The arrangement is man-
ifestly inefficient. Moreover, when applied to a multi-
nozzle head, the arrangement would result in a complex
motion, making attainment of uniform drop break-off
for all streams extremely difficult.

SUMMARY OF THE INVENTION

It is therefore the object of the presentuniformity
break-off characteristics for a wide range of frequen-
cles.

It 1s another object of the present invention to pro-
vide a drop generator adaptable for acceptable usage as
a long head (say 140 or more nozzle orifices) or a short
head (say 23 or less nozzle orifices).

It 1s still another object of the present invention to
provide a cheaper and more efficient drop generator
then has heretofore been possible.

In accordance with the present invention, a drop
generator including a pair of radially expanding and
contracting crystals are disposed diametrically to form
oppostte sides of a resonating cavity. The cavity is fitted
with a conduit through which pressurized ink is sup-
plied. When a source of electrical signals are coupled to
the crystals, they vibrate radially and emit pressure
waves which reinforce themselves along a pressure line
midway between the crystals. An elongated nozzle
wafer carrying a linear row of orifices is disposed so
that the center line of the orifices coincides with the
pressure line and in fluidic communication with the
cavity, Ink streams emanating through the orifices are
broken up into droplets at a uniform distance from the
nozzie wafer.

In another embodiment of the invention, the crystals
are coupled to opposite surfaces of a wave guide. The
pressure waves or perturbations are conducted by the
- wave guides into the ink. By segmenting the crystals, a
longer head drop generator can be designed with uni-
form drive over the length of the crystal.

The foregoing and other features and advantages of
the invention will be apparent from the following more
particular description of the preferred embodiment of
the invention, as illustrated in the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic showing the orientation be-
tween the crystal pressure inducing waves and the noz-
zle array. The showing is helpful in understanding the
orientation of the drop generator components.
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FIG. 2 1s an exploded perspective view of a fluid jet
drop generator fabricated in accordance with the inven-
tion.

FIG. 3 is a cross-section of the fluid jet drop genera-
tor of FIG. 2.

FIG. 4 shows an alternate embodiment of a drop
generator constructed in accordance with the inven-
tion.

FIG. 5 shows a cross-section of the drop generator of
FIG. 4.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIGS. 2 and 4, alternate embodiments of
a fluid jet drop generator assembly are shown. The
generator outputs a plurality of fluid streams which
break up into streams of uniform droplets at a common
point downstream from the nozzle plate. When the fluid
comprises a conductive writing fluid, the drops may
selectively be given an electrostatic charge upon break-
off, and the charged drop subsequently deflect to a
gutter, while the uncharged drops continue towards the
recording medium for selectively printing data on the
medium. Alternately, if the fluid comprises a magnetic
writing fluid, then the droplets may be selectively de-
flected by magnetic fields. Since both of these systems
are well known 1n the art, details will not be given here.
Suffice it to say that the showing in the figures may be
used with either system.

As is well known, fluid streams emanating from noz-
zle orifices, tend to become unstable and break into
droplets at different points from the nozzle plate. Practi-
cal uses of droplets for purposes such as printing dic-
tates that break-off be uniform across each nozzle. Gen-
erally, if the system (that 1s the drop generator) is oper-
ated at a particular frequency, then the drive voltage
break-off distance usually remains in acceptable range.
Any changes in drive voltage or frequency tend to
cause break-off at different points downstream from the
nozzle plate. As such, prior art drop generators usually
operate within a single frequency and voltage level.

Turning to FIG. 1 for the moment, is a graphical
representation showing the intended orientation for the
perturbation means 10 and 12, hereinafter called crys-
tals 10 and 12, and the nozzle orifices 14. As can be seen
in the sketch, the crystals 10 and 12 are disposed oppo-
site to one another and the nozzle wafer containing the
nozzle orifices 14 is disposed intermediate the crystals.
The two crystals 10 and 12 are preferrably planar crys-
tals polarized in the same direction with their longitudi-
nal axis running parallel to each other. One preferable
configuration is that the crystals are placed equal dis-
tance from the axis (not shown) running through the
center of the nozzles 14. Stated another way, the crys-
tals are displaced in spaced relation and at right angles
to the nozzle jets. When an excitation source (not
shown) is coupled to the crystals, the crystals expand
and contract radially and send out pressure waves
which meet and reinforce intermediate said crystals.
Since the nozzle jet is disposed along the line of increase
pressure wa

The below-listed Table 1 gives data of results ob-
tained when a head fabricated in accordance with the

conceptual showing of FIG. 1 was run in an actual ink
jet printer. o
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TABLE I
67 VRMS 38 VRMS 39 VRMS
Stream # 130 KHZ 138 KHZ 140 KHZ

1 24.2 ~25.8 26.9 5
2 24.4 1 25.2 27.0
3 237 25.5 26.9
4 . 237 25.3 26.6
5 23.6 25.8 26.5
6 23.6 25.7 26.4
7 23.2 26.3 26.3
8 23.2 26.0 26.2 10
9 23.2 26.1 26.1
10 23.3 26.2 26.6
11 23.4 26.2 26.7
12 23.4 26.1 - 26.7
13 23.3 25.9 26.7
14 23.2 25.9 26.7 15
15 23.2 25.8 26.4
16 23.4 25.9 26.6
17 23.4 25.8 26.3
18 23.2 25.8 26.3
19 23.3 25.8 26.3
20 23.3 25.8 26.3 20
21 23.3 26.0 26.3
22 23.3 26.1 26.3

23.2 26.3 26.6

23

In the above table, numbering from left to right of the
page, the first column represents the stream number.
The number 23 means that the head that was run has 23
nozzles. The second column represents the crystal drive
voltage and the drop frequency. The third column rep-
resents a second drive voltage and a second drop fre-
quency at which the head was run. The fourth column
shows still another drive voltage and drop frequency at
which the same head was run. As can be seen from the
table, the break-off distance for the head at any particu-
lar voltage and frequency over a range of say 10 kilo-
hertz, was within ®=4A. As such, this proves that by
fabricating a drop generator in accordance with the
teaching of the invention, wideband operation with
uniform break-off and uniform drop size can be
achieved without loss of other performance.
Turning now to FIG. 2, an exploded view of a print
head according to the present invention is shown. FIG.
3 shows a cross-section taken across the head of FIG. 2.
As such, common elements in FIGS. 2 and 3 will be
identified by the same numeral. The fluid jet drop gen-
erator 16, includes a nozzle support member 18. A fluid
cavity 20 is fabricated on the back surface of nozzle
support member 18. As will become clearer subse-
quently, the function of the cavity 20 is to hold printing
fluid such as conductive ink, etc. Fluid into the cavity is
supplied through conduit 22. The conduit in turn, is
connected to pressure fluid supply source (not shown).
A plurality of linearly spaced orifices 24 are formed in
a nozzle wafer 26. The nozzle wafer, with the orifice, is
then mounted on the front surface of nozzle support
member 18. The mounting is such that the orifices com-
municate or interconnect the cavity in the back surface
with the front surface. There are a plurality of ways to
have the orifices communicating the back cavity to the
front surface. For example, a narrow slit (not shown) is
cut through support member 18 along line 28. The
length of the slit depends on the length of the nozzle
plate. Stated another way, the length of the slit is equiv-
alent to the number of orifices which will be generating
streams. The depth of the slit is such that the cavity in
the back is connected to the front surface. The nozzle
-plate, with the orifices, is then seated on the slit so that
‘the center of each hole is in fluidic communication with
the cavity. In a preferred design, the cavity has a cross-
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sectional V shape. The apex of the V coincides with the
orifices which interconnects the cavity to the front
surface. As such, in this design the apex of the V acts as
a focusing channel for directing the fluid into the ori-
fices. With this design, when the conducting fluid such
as ink 1s conveyed from the pressurized source (not
shown) through conduit 22 into cavity 20, a plurality of
capillary streams of the fluid is extruded through ori-
fices 24. These capillary streams are subsequently bro-
ken up downstream from the front surface of nozzle
wafer 26 in uniform size for printing. A gasket 30 is
fabricated with an opening in its central portion. The
size of the opening is such that it surrounds the periph-
ery of the cavity. The gasket 1s then disposed relative to
the nozzle support member 18. The function of the
gasket 1s to prevent ink or print fluid from escaping
from the assembly.

A crystal holder 32 1s disposed next to the gasket 30.
The crystal holder 1s fabricated with a central opening.
The central opening is preferably wider than the central
opening of the cavity. A pair of crystals 34 and 36 are
mounted on opposite walls of the crystal holder. Stated
another way, the crystals are disposed diametrically on
opposite walls of the crystal holder. The positioning is
such that when all the components of the fluid drop

- generator 16 are fastened to form a unified structure, the
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crystals form opposite walls of the fluid cavity 20. A
pair of holes are drilled into opposite walls of the crystal
holder so that conductors 38 and 40 are connected to
the crystal. Conductors 38 and 40 are coupled to an
excitation source 47. The excitation source generates
electrical signals for exciting the crystals so that the
capillary streams emanating from orifices 24 are broken
up at a uniform distance from the nozzle plate. Another
gasket 42 is disposed over crystal holder 32. An opening
is fabricated in the central portion of gasket 42. The
opening is such that it surrounds the cavity which is
formed to contain the printing fluid. The function of the
gasket is to prevent fluid from leaking out of the assem-
bly. A back plate 44 is disposed next to gasket 42. The
function of the back plate is to close the back side of the
cavity. A plurality of holes are drilled in the periphery
of each component, and a plurality of screws (not
shown) are used to fasten the component onto the noz-
zle support member or together to form a unified struc-
ture.

It has been observed that excellent results are ob-
tained when the drop generator is designed in accor-
dance with the following expression:

Distance 46=A/2 (1)

Distance 48=:\/2 (2)

where: A is the wave length in the print fluid.
Since every print fluid has a characteristic speed for a
wave, once the speed is determined, the design of the
head i1s set.
FIGS. 4 and S show an alternate embodiment for the
drop generator according to the present invention. In
the embodiment of FIGS. 4 and §, the perturbation

crystals 46 and 48 are not in contact with the print fluid

as in the embodiment of FIGS. 2 and 3. Common ele-
ments in FIGS. 4 and 5 will be identified with the same
numeral. As before, FIG. 4 is a perspective view of the
alternate embodiment while FIG. 5 is a cross-section of
FIG. 4. The drop generator 50 includes a nozzle sup-
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port member 52. The nozzle support member 52 in-
cludes an ink containing cavity 54 with a focusing cav-
ity 56 disposed on one surface. The ink containing cav-
ity 54 is formed by the rectangular side walls of the
nozzle support member. The rectangular side walls
extend upwardly from the front surface of the nozzle
support member. The focusing cavity 56 conducts a
narrow volume of ink into a plurality of nozzle orifices
58 which are mounted on the surface of the nozzle
support member opposite the ink containing cavity and
the focusing cavity, respectively. As before, ink under
pressure i1s pumped through conduit 60 into the ink
containing cavity. A closure member means 62 is dis-
posed upon the upwardly extending rectangular walls
of the nozzle support member. The closure member
means 62 includes a plurality of strips contiguously
disposed in juxtaposition relative to one another. A
central strip 64 is fabricated with dimensions large
enough to cover the back opening of ink containing
cavity 54, Crystals 46 and 48 are disposed on opposite
sides of member 64. The crystals extend in parallel di-
rection along the lengthwise dimension of the member.
With the member 64 of a sufficient dimension to cover
the ink containing cavity 84, when.ink is pumped into
the cavity, the ink does not contact either of the pertur-
bation crystals. On opposite sides of the crystal and
attached thereto are strips 66 and 68 respectively. In the
preferred embodiment of this invention, the members
64, 66 and 68 are wave guide members. The wave guid-
ing characteristics sure member means 62. As before,
the components are fastened together to form a unified
structure. If need be, a gasket (not shown) with a central
opening can be introduced between nozzle support
member 52 and closure member means 62. Such a gas-
ket prevents the ink from leaking out of the cavity. Any
suitable means including screws, etc., can be used for
fastening the assembly.

With respect to the intended orientation of the vari-
ous components in the total structure, it should be noted
that the length dimension of both the transducers and
the ink cavity is parallel to a line connecting the en-
trances of the nozzles of the array to the cavity. Thus,
the required transducers vibration mode which pro-
duces uniform perturbations for the array of ink jet
streams is that in which the vibrations are in phase along
a line intermediate the crystals and running along the
lengthwise direction of the transducers, and in which
the amplitudes are uniform over the transducer length
about the line on which the nozzle array is in alignment.

It has been observed that when the crystals 46 and 48
are segmented along their longitudinal dimensions (that
1s segmented so that air gaps are formed between the
segments) a more uniform drive is created for a rela-
tively longer head. |

While the invention has been particularly shown and
described with reference to a preferred and alternate
embodiment thereof, it will be understood by those
skilled in the art that the foregoing and other changes in
form and details may be made therein without departing
from the spirit and scope of the invention.

What is claimed is:

1. In a fluid jet drop generator including a fluid sup-
ply line connected to a source of pressurized fluid, an
ink supply cavity for accepting the pressurized fluid, a
nozzle plate with orifices for generating capillary
streams from the ink supply cavity, and a signal input
connected to a perturbation signal source, the improve-
ment comprising:
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a pair of perturbation means spaced diametrically to
form side walls of the ink supply cavity;

said perturbation means being in contact with the
pressurized fluid and operable to generate a rein-
forceable pressure zone therein; and

an elongated nozzle wafer having a plurality of linear
orifices thereon disposed so that the center of said
orifices 1s positioned on the pressure zone.

2. The fluid jet drop generator of claim 1 wherein the
spacing between the perturbation means is approxi-
mately A/2 with A being the wave length of the pressure
wave in the pressurized fluid.

3. The fluid jet drop generator of claim 1 wherein the
pair of perturbation means includes a pair of planar
crystals. -~

4. The fluid jet drop generator of claim 3 wherein the
crystals are polarized in the same direction.

5. The fluid jet drop generator of claim 1 wherein the
nozzle wafer includes a single orifice.

6. A wideband variable frequency fluid jet drop gen-
erator for an ink jet printing system comprising in com-
bination: |

a nozzle support member having an ink supply cavity
fabricated on a first surface;

a nozzle wafer having one or more orifices therein,
mounted on an opposite surface of said nozzle sup-
port member with the orifices being in fluidic com-
munication with the cavity;

a crystal support block having a central opening
aligned with the cavity;

a pair of crystals mounted on diametrical sides of the
central opening with each crystal being in contact
with a print fluid in the ink supply cavity;

a back plate member for closing the cavity; and

a means for exciting the crystals so that pressure
waves generated in the ink supply cavity are being
reinforced along a line coinciding with the orifices.

7. The wideband fluid drop generator of claim § fur-
ther including means for fastening the back plate to the
nozzle support member to form a unified structure.

8. The drop generator of claim 7 further including
gaskets disposed between the back plate and the crystal
support block, the crystal support block and the nozzle
support member, said gaskets being operable to stem the
flow of ink from said drop generator.

9. The drop generator of claim 7 further including
means for supplying ink to the ink supply cavity.

10. The drop generator of claim 6 wherein the spac-
ing between the front surface of the back plate and the
nozzle support surface of the nozzle support member is
greater than A/2 where A is the wave length of the
pressure wave within the ink.

11. The drop generator of claim 1 wherein the spac-
ing between the crystals 1s approximately equal to A/2,
A being equivalent to the wave length of the pressure
wave within the ink.

12. A wideband multifrequency drop generator for
use with an ink jet printing system comprising:

a nozzle support member having a cavity fabricated

in one surface; |

a nozzle wafer having a plurality of orifices mounted
on a surface opposite to the cavity surface of said
support member, saild orifices being operable to
extrude ink streams from a supply of ink in the

- cavity; - |

a closure member disposed on the cavity surface of
the support member, said closure member being
operable to form the back wall of the cavity and
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having wave transmission characteristics substan-
tially equivalent to the wave transmission charac-
teristics of the ink;

a pair of perturbation means dlsposed on 0pp051te
sides of the closure member; >

a back plate disposed relative to the closure member:

and

means for fastening the back plate to the nozzle sup-

port member. |

13. The wideband multifrequency drop generator of 10
claim 12 wherein the closure member is betng fabricated
from wave guide material.

14. The wideband multifrequency drop generator of
claim 12 further including a means for energizing the .
perturbation means so that the ink streams are broken
up into uniformly spaced droplets at a common point
from the nozzle plate.

15. The wideband multifrequency drop generator of

claim 12 wherein the perturbation means is being seg- 20

mented along its longitudinal axis.
16. A method for generating uniform droplets for
printing on a support media comprising:
(a) supplying pressurized ink to a cavity;
(b) disposing a pair of perturbation crystals to form 75
opposite walls of the cavity, said crystals being in

contact with the pressurized ink:
(c) exciting the crystals to contract and expand radi-

ally so that pressure waves are generated in the ink
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and are being reinforced along a pressure line mid-
way between the crystals; and

(d) generating a plurality of capillary droplet streams
from said pressure line. |

17. In a fluid jet drop generator mcludmg a fluid

supply line connected to a source of pressurized fluid,
an ink supply cavity for accepting the pressurized fluid,
a nozzle plate with orifices for generating capillary
streams from the ink supply cavity, and a signal input
connected to a perturbation signal source, the improve-
ment comprising:

a pair of perturbation means spaced diametrically to
form side walls of the ink supply cavity and opera-
ble to generate pressure waves;

a means operable to couple the pressure waves out-
putted from the perturbation means into the pres-
surized fluid, said means having a wave guide char-
acteristic substantially equivalent to the wave
guide characteristic of the pressurized fluid; and

an elongated nozzle wafer having a plurality of linear
orifices thereon disposed so that the center of said
orifices is positioned on a reinforced pressurized
zone. |

18. The fluid jet drop generator of claim 17 wherein

the means is fabricated from a material taken from the
group comprising noryl, PVC, acrylic and teflon.

19. The fluid jet drop generator of claim 17 wherein

the nozzle wafer includes a single orifice.
3 L % x |
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